Introduction
The following report describes the work conducted on the research project "MultiDimensional Signal Processing for Sparse Radar Arrays" (AFOSR Grant # F49620-99-1-0172, POOOOl). This work was performed at the Radar Systems and Remote Sensing Laboratory (RSL) at the University of Kansas.
Objectives
The objectives of this research program remain those listed in the original proposal:
1. Develop and demonstrate SAR-processing algorithms that use the range, doppler, and angle-of-arrival informa:tion acquired using a multi-satellite radar defined by the TechSat21 concept.
2. Develop and demonstrate GMTI-processing algorithms that use the range, doppler, and angle-of-arrival information acquired using a multi-satellite radar defined by the TechSat 21 concept.
3. Develop and demonstrate AMTI-processing algorithms that use the range, doppler, and angle-of-arrival information acquired using a multi-satellite radar defined by the TechSat 21 concept.
4. Develop a software radar simulator to test these algorithms on realistic target scenarios.
5. Evaluate the performance of these algorithms with regard to resolution, detection, minimum discemable velocity, search area rate, location accuracy, clutter rejection, and so forth.
6. Evaluate the processing performance as a function of system errors, including noise, clutter, transmitter/receiver errors, and errors in satellite position and orientation.
7. Investigate the methodologies for selecting the orthogonal transmit signals associated with the TechSat 21 concept. Evaluate the efficacy and improvement in sensor performance by using a spatially distributed transmitter.
8. Investigate methods for improving the computational efficiency of the processing algorithms, including computational methodologies and information theoretic methods of data preprocessing.
9. Quantify the performance of the processing algorithms in terms of computational cost. Assign a numeric measure to each algorithm.
10. Identify other potential benefits of the TechSat 21 concept, including surface height estimation, target tracking, change detection, and so forth.
Final Status of Effort
During the past three years, we have successfully accomplished nearly all the project objectives listed in Section 2.0. We have developed and evaluated processing-algorithms for generating SAR images from a sparse array of radar satellites. An important result of this work is that it is possible, using a sparse satellite array, to generate a fine-resolution SAR image of arbitrarily large extent, hi other words, the traditional limit on SAR swathwidth and/or spot size is not an issue for multiple satellite arrays, provided that a minimum number of satellites is available.
Likewise, we have developed and evaluated Moving Target Indication (MTI) processors for sparse satellite arrays. We have shown that the large spatial extent of a radar satellite array can greatly improve the MTI performance of space-based radar systems, despite the sparse nature of the array. Moreover, we have shown that, for these sparse satellite systems, the SAR and MTI solutions are complementary in nature such that both SAR and MTI processing can be coupled (essentially, a SAR image is a mapping of moving targets with zero radial velocity).
We conducted research into the optimal design of a transmit signal code. This effort involved constructing transmit signals that minimize the sidelobe levels of the sensor ambiguity (i.e., point spread) function. Since the sensor collects information in both space and time, the transmit signal must be cohstructed such that sidelobes of the spatial array pattern are aligned with nulls in the time-frequency pattern, and vice-versa. We have demonstrated an eigenvector solution that creates an optimal space-time transmit signal in the sense that it minimizes an upper boimd of the sidelobe energy in a sensor ambiguity function.
Finally, we created a high-fidelity sparse-array software simulator to evaluate the performance of these algorithms for specific sparse-array designs and scenarios. This simulator allowed us to create accurate complex space-time samples (i.e., A-to-D values)
for realistic sensor designs and surface targets.
Accomplishments/ New Findings
The detailed results of our research are provided in three separate ( 
